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ABSTRACT 
 
The Joint Australian Engineering Satellite (JaeSat) is a micro satellite being 
developed under the management of the Australian Space Research Institute 
(ASRI). However, currently a project management responsibility transfer 
from ASRI to the Queensland University of Technology (QUT) and a 
possible participation/cooperation from the Australian Cooperative Research 
Center (CRCSS) is under negotiation. JaeSat will be launched by a Ukraine 
rocket called Dnepr. The orbit will be a Low Earth Orbit (LEO) with an 
altitude of 800 km and an inclination around 98 deg. This paper will provide 
information about the QUT GPS receiver design characteristics with respect 
to software and hardware.  The testing environment will be presented, which 
includes a GPS signal simulator and in-house custom designed software.  
Further, this paper will provide an outlook for future plans in order to 
implement additional features aiming for attitude determination based on 
GPS measurements.  
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1. INTRODUCTION 
 
The orbit determination of a satellite is traditionally performed via tracking techniques from a 
Ground Station (GS). The conventional tracking concept requires a certain amount of 
resources (man power, equipment etc.), which can have a significant impact on the costs. The 
application of GPS onboard of satellites brings several advantages. GPS receivers are 
lightweight, have a relatively small volume requirement and the power consumption is also 
relatively low (2-15W). In addition to this, the GPS receiver allows the determination of its 
Position, Velocity and Time (PVT) in real-time onboard the satellite. The availability of this 
information onboard the satellite, leads to the possibility for a certain degree of onboard 
autonomy. In any case, the GS operations activities and therefore the costs can be reduced. 
This information is not only important in the context of the orbit determination but also for 
other payloads, which can directly use these data as well. One of the most often used 
information of the GPS receiver is the time information for synchronization purposes. For 
these reasons, the applications of GPS onboard of satellites have become very popular within 
the last decade. Currently available GPS receivers for space applications are few and 
prohibitively expensive. Also there are strict import/export regulations existing, which can 
cause substantial project delays.  
   
In August 2001, QUT decided to start its own GPS receiver development program, with the 
main objective to develop GPS receivers for space applications, such as sounding rockets and 
satellites. One of the key drivers for this decision was the existing experience in this area. 
Another was the necessity to have the ability to modify the GPS receiver for the individual 
needs of the mission.  Another aspect was the involvement in the JaeSat project and the 
challenge to have a GPS receiver onboard this satellite. Based on a survey of available GPS 
receiver development environments, which provide the entire source code, the MITEL GPS 
Architect development kit was chosen as the base for the research as it contains full source 
code and a reference design for a GPS receiver, MITEL (1997). This development 
environment was also favourable, as it has been used for simular research in the past.  
Additional to this, there is radiation environmental testing data for the GPS receiver available 
showing that the expected life expectancy in a Low Earth Orbit is greater then 10 years, 
MITEL (1996).    
 
Since September 2001, research has been conducted in the context of the GPS receiver 
integration onboard of JaeSat. The GPS receiver development started in May 2002, because of 
availability and delivery problems of the GPS Architect development kit set. This 
development kit is currently not available anymore on the commercial market as the company 
Zarlink (formerly MITEL), eased selling this product in 2001.   
 
 
2. JAESAT  
 
The aim of the JaeSat project is to develop, design, manufacture, test, launch, operate and 
decommission the educational Joint Australian Engineering Satellite (JaeSat), a ca. 15 kg 
micro satellite based on a successful design obtained from the AMSAT North America 
(AMSAT-NA) organisation. The JaeSat project originated with the Australian Space Research 
Institute Ltd (ASRI), a voluntary space technology educational organisation and the QUT in 
early 1997 as an educational research project to provide ‘hands-on’ space technology 
experience to students, industry and the general public. Due to several circumstances, the 
project has suffered from several delays. In May 2003, the entire project was subject to a 
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review process conducted by QUT in cooperation with ASRI. As part of ASRI’s agreed 
commitment to the project, a ’piggyback’ launch has been arranged for the completed satellite 
aboard a Dnepr (see Figure 1) through liaison with the Ukrainian Youth Aerospace 
Association (Suzirya). 
 
 
 
 
Figure 1: Dnepr Launch Vehicle  
 
 
The current JaeSat architecture is a tray-based structure, based on a design obtained from 
AMSAT-NA, milled from solid aircraft-grade aluminium slabs and forming a cube of edge 
length approximately 230mm. The attitude control concept is a passive concept using bar 
magnets to align the satellite z-axis parallel to the Earth’s local magnetic field. This concept 
leads to a rotation of the satellite with a rotation rate of two rotations per orbit. The spin 
ensures that each side of the satellite is frequently exposed to the Sun, thus avoiding the 
creation of steep thermal gradients. Power will be provided by solar cells attached to five of 
the six faces of the cube structure. The JaeSat will have a single Intrinsyc-StrongARM 1110-
based CerfBoard flight computer running Linux. The uplink communications will be by way 
of twin receivers operating at around 145 MHz (an internationally-recognised amateur 
frequency band). The downlink communications are proposed by way of a transmitter 
operating at around 430 MHz, also an internationally recognised amateur frequency band. 
 
The currently proposed payloads onboard JaeSat are a communication payload, CCD camera 
(Web Camera Style) and a GPS Receiver. The attitude control of JaeSat will be based on a 
passive concept (4 permanent magnets).  The components and the proposed design of JaeSat 
are shown in Figure 2.         
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Figure 2:  Proposed JaeSat Architecture 
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3. GPS RECEIVER DEVELOPMENT ENVIRONMENT   
 
The QUT GPS receiver development program is based on the MITEL GP2021, GP2015 and 
GP2010 Chip set and is a modification of the MITEL Orion GPS receiver demonstrator.  The 
base for the development of the source code is the MITEL GPS Architect development kit.  
The source code modifications are specifically targeted towards the robust and accurate 
operation in a space environment in the context of positioning, timing and onboard orbit 
determination as well as rocket trajectory tracking.  The hardware design will be targeted 
toward the specific application for which the receiver is being developed for. 
 
 
3.1 MITEL GPS Architect Development Kit 
 
The target design hardware is based on the MITEL Orion GPS receiver design; however, this 
design utilises the MITEL GP2000 chipset and is compatible with the GPS Architect 
Development Kit (see Figure 3). The GPS Architect provides the necessary platform for the 
development and testing of GPS receiver SW which can then be ported to the target platform 
which is the modified Orion GPS receiver. The GPS Architect is a 12-channel parallel single 
frequency (L1) receiver with an RS232 interface to a PC. The SW of the GPS Architect is 
written in the language ‘C’. The SW can be modified on a PC by using the ARM 
Development Toolkit, which comes together with the GPS Architect.  
 
 
 
 
Figure 3: MITEL GPS Architect Development Kit 
 
 
3.2 MITEL GPS Receiver Board - Orion  
 
In Figure 4, the original design of the GPS Orion Board can be seen. This board was 
developed as a demonstrator board for the MITEL GPS GP2000 chipset. All relevant details 
of this board are available on the internet at the Zarlink homepage. Figure 4 shows the MITEL 
Orion GPS receiver including the interface board in its original form. This Board has 
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previously been used by other GPS receiver development teams in the context of GPS 
receiver developments for space applications (Enderle 1998). In Table 1 and Table 2, the 
main characteristics of the Orion GPS Receiver Board and the Orion interface board are 
outlined (MITEL 1996). QUT is currently in the process of building modified versions of this 
Orion board.   
 
Modifications for the space variant of the QUT – Orion Board include the following, 
• Removal of the original interface board 
• Addition of signal conditioning to host bus levels 
• Addition of power conditioning to host bus levels 
• Addition of a power reset circuit 
The standard interface board will be removed and replaced by a module encompassing power 
and signal conditioning to the levels of the host spacecraft bus.  Different protocols such as 
RS-232, CAN-Bus or I2C can be accommodated through sub-variants of this module.  The 
addition of a software controlled power reset circuit will be implemented to provide power 
cycling functionality. 
 
   
 
 
Figure 4: MITEL GPS Receiver Demonstration Board - Orion 
 
 
 
Table 1:  Technical Specifications - Orion GPS Receiver Board 
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Table 2:  Technical Specifications - Orion GPS Receiver Board 
 
 
4. GPS RECEIVER SW MODIFICATIONS FOR SPACE APPLICATIONS   
 
In order to handle the high dynamic environment (acceleration and velocity) of space 
applications such as sounding rockets and satellites, the original Architect SW has been 
modified in many areas. The capability to handle the high Doppler frequency offsets, resulting 
from the high dynamic was a key issue. An analytical orbit model (SGP4) has been 
implemented for the prediction of visibility and Doppler frequency offsets. The predicted 
Doppler offset will be used in conjunction with the Navigation Solution as an input for the 
GPS L1 signal tracking loops. The basic principles of this concept are outlined in Figure 5.    
 
In general, major SW modifications have been made to the code with respect to increasing the 
robustness and accuracy in operations which are primarily related to the navigation solution, 
filtering, GPS satellite position prediction, error corrections and initial position estimation. 
The GPS receiver SW for satellite applications includes two major modifications in addition 
to the general robustness modifications. These modifications are the implementation of 
onboard Orbit Determination (OD) capability and an advanced search algorithm for satellite 
acquisition and tracking.   
 
Onboard OD will be achieved by implementation of a Least Square Method based on GPS 
receiver position solutions (Enderle 2003).  
 
The sounding rocket application will have one major modification, which is the improved 
satellite acquisition and tracking.  This will be achieved by modeling the trajectory for 
specific sounding rockets and generating polynomial coefficients that can be uploaded into 
the GPS receiver.  This will then be used to predict the receiver’s position and velocity, and 
thus GPS satellites in view and their Doppler as in the case of the space application.  This 
methodology has been implemented and is shown to work successfully in field tests of 
sounding rockets, Montenbruck (2000), Enderle (2000). 
 
 
 
 
PAPER 71 (peer-reviewed)  7 
  
 
  L1  Antenna 
 
     RF
  Down-
converter 
 Orbit
Model 
Navigation 
  Solution
 Doppler 
Prediction 
Frequency 
   Scan
Tracking Module
Code/Phase
Measurement
DLL/FLL
NCO 
Loop FilterDiscrim. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5: Visibility and Doppler Predictions concept based on Orbit Model and Navigation 
Solution 
 
 
5. JaeSat - GPS RECEIVER CONCEPT  
 
The High Level Mission Objectives (Enderle 2002) of the GPS receiver payload onboard of 
JaeSat are to provide the following capabilities in real-time or near real-time:  
• 3D Position and Velocity  
• Precise timing (Pulse Per Second)  
• onboard Orbit Determination  
 
The GPS receiver will be located within a dedicated Tray (see Figure 2). The GPS receiver 
physical dimensions are ca. 95x50x35 mm3.  At the moment it is not decided whether two 
active GPS patch antennas (located at the +x and +y surfaces) will be used together with a 
combiner or only one active GPS patch antenna will be used (located at the +z surface). The 
GPS receiver will interface with the flight computer via a RS232 interface. The power 
interface will be based on +5V. The maximum power consumption will be around 2W in the 
acquisition mode. The basic GPS operations concept is driven by the available average power 
of the satellite. However, it is currently intended to operate the GPS receiver on a permanent 
basis, should enough power be available. The implemented capabilities will allow to reduce 
the GS activities to the maximum extent. A Ground Station for Telemetry reception (at least) 
is already implemented at QUT and ready for operations.  The GPS receiver integration 
concept for JaeSat is given in Figure 6. 
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Figure 6: GPS Receiver Integration Concept, Enderle (2002) 
 
 
6.  TESTING/SIMULATION ENVIRONMENT   
 
The core of the testing/simulation environment is the WelNavigat GS700 GPS signal 
simulator (see Figure 7). The signal simulator is capable of simulating the entire GPS satellite 
constellation and transmitting RF signals for six physical channels. Various simulations are 
possible such as static, terrestrial dynamic, rocket trajectories and also satellite orbits. 
 
 
 
 
Figure 7: GPS WelNavigate GS700 – GPS Constellation Simulator 
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Another important aspect to the testing environment is the interface software used to 
command and display the status of the GPS receiver.  In-house custom software has been 
written to provide these features for the standard receiver whilst being capable of 
modification to follow the evolution of the receiver.  This software is called GPSMON and is 
capable of formatting and sending all commands used by the GPS receiver.  The receiver 
status is displayed in a user friendly form and can be logged in a format that is easily 
manipulated for post processing.  The prime reasoning behind the development of this 
software is the need to add or remove command capability, as well as display the output as its 
type and format changes with the development of the receiver software. All source code 
algorithms are written in ANSI C and tested on a PC in an ANSI development environment 
under various conditions to assess their appropriateness.  This is done to enable meticulous 
testing and easy integration into the receiver software if it is deemed appropriate.  
 
 
 
 
Figure 8: In-house GPS Interface Software, GPSMON 
 
 
7. SIMULATIONS   
 
Simulations on various levels have been conducted for the JaeSat GPS receiver payload 
project. In earlier stages, principle visibility conditions based on the GPS antenna concept or 
more precisely the place where the GPS antennas will be attached have been investigated.  
This has been done for different type of orbit scenarios. The results of these simulations are 
summarized in Table 3. It can be seen that for the nominal orbit with an altitude of 800 km, 
the visibility conditions are good (over 86%), even the antenna would be pointing directly 
towards the Earth. In case the GPS antenna will be zenith facing, the visibility conditions are 
optimal (100%).  Another important aspect of the simulations was the acquisition and re-
acquisition behaviour of the GPS receiver resulting from frequent change of visible satellites. 
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In Figure 9, the green colour indicates the visible GPS satellites, which can be tracked. As it 
can be seen, sometimes the GPS satellites are only visible for several minutes to a User 
satellite in a LEO. The most important class of simulations were directly related to the 
performance assessment of the implemented Receiver SW changes for space applications. Of 
specific interest, was the capability and quality of the Doppler frequency offset prediction. 
The results of these simulations will be discussed in the chapter “Results”.    
 
 
 
Table 3: Visibility Analysis for Antenna Placement 
 
 
 
 
Figure 9: Simulations for GPS receiver Acquisition and Re-acquisition Performance 
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8. RESULTS    
 
The simulations conducted showing very clearly, that the implemented SW changes- 
analytical orbital model for the visibility and Doppler Frequency offset prediction is working 
very well. Figure 10 shows the result of a simulation for ca. one FedSat orbit (Altitude 800 
km, sun-synchronous) as a reference for JaeSat. As it can be seen, the GPS receiver acquires 
signals after ca. 5 min. (warm start). The average time for GPS signal reacquisition was in the 
order of 1 - 2 min. The GPS receiver tracked 4 or more GPS satellites for over 89% of the 
overall simulation time and produced a GPS Navigation Solution.  
 
 
Figure 10: Acquisition, Re-acquisition and Tracking Performance of GPS receiver with modified SW 
 
 
In Figure 11, the performance of the Doppler frequency offset prediction is shown. If the GPS 
receiver is not tracking a GPS signal, the Doppler shift will be calculated directly by the Two 
Line Element SGP4 orbit model. For this reason, the residual Doppler shift which is the 
difference between the predicted (SGP4 model based) and measured (GPS receiver) Doppler. 
After an initial acquisition period, the Doppler residuals for this simulation were almost 
constant and in the order of 110 Hz.   
  
Based on the currently implemented SW configuration, the 3-D position error (residual) 
between GPS receiver position solution and the reference position generated by the GPS 
signal simulator is around 130 m (maximum).  
 
Further modifications and simulations are necessary in order to improve the accuracy of the 
position solution and the robustness of the signal acquisition performance.  
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Figure 11: Doppler Prediction based on Orbit Model and Navigation Solution 
 
 
9. CONCLUSIONS AND OUTLOOK 
 
This paper describes the GPS Receiver development program for space applications at QUT 
with regard to the JaeSat project. A concept has been outlined for the integration of the GPS 
receiver into JaeSat. Further, the GPS receiver SW modifications and related simulations for 
performance assessment have been discussed.  
 
It has been shown that the GPS receiver SW modifications have successfully been 
implemented. The GPS receiver is working very well and can be used for JaeSat.  
 
Further SW modification for improved accuracy of the Navigation solution are implemented 
at the moment and advanced and robust search and acquisition algorithms are planned for the 
next months. Also, the implementation of an orbit model based on the numerical integration 
of a force model is in preparation. In parallel, work is ongoing for the generation of a Pulse 
Per Second (PPS) as an onboard time reference.  
 
The first QUT- built receiver for space applications is planned for June 2003. The modified 
GPS receivers will undergo several field testings in the future to verify their operational 
capability. Rocket tests will be conducted in cooperation with ASRI in October 2003 (QUT 
GPS receiver on Zuni, launch is in Woomera).  
 
It is planned in the future to modify the QUT GPS receiver for 3-axis attitude determination 
capability. 
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